Background: This study compares the prevalence rates of comorbidities between chronic obstructive pulmonary disease (COPD) and non-COPD control patients reported in literature.
Introduction
The chronic obstructive pulmonary disease (COPD) is the fourth most common cause of adult mortality and a leading cause of adult hospitalization in the United States. The global prevalence estimates of COPD suggest that approximately 10% of adults over 40 years of age are suffering from this progressively debilitating disease. [1] In 2010 alone, global mortality due to COPD was nearly 2.9 million. [2] It is speculated that that the impact of COPD as a health burden may be underestimated because up to 50% mortality in COPD patients is caused by nonrespiratory diseases and COPD may increase death risk from other comorbid conditions. [3] This disease is characterized by chronic coughing, expectoration, exertional dyspnea of varying degree, and progressive reduction in expiratory air output. [4] It is a preventable and treatable disease with its unique physiological and pathophysiological characteristics that are associated with exacerbations and comorbidities. [5] The COPD is more common in elderly, which is a stage of accruing limitations in health restoration. Tobacco use, low lung function, socioeconomic status, and occupational hazards are the chief risk factors for this disease. [5] Cigarette smoking is the foremost causative agent of COPD; airflow limitation is observed in nearly 50% of smokers. [6] Genetic susceptibility leading to a1-antitrypsin deficiency [7] and childhood severe asthma [8] are also reported as risk factors for COPD. The recurrent episodes of acute exacerbations in COPD often require hospitalization, are associated with significant mortality, and have adverse effects on patients' quality of life, besides accelerating deterioration in lung function. [9] COPD is not only a progressive disease but can also affect other organs, including heart, blood vessels, musculature, brain, and the functions of kidney, liver, and guts leading to one or more comorbid conditions of varying degree of severity. [10] Comorbidities are increasingly recognized as important determinants of COPD management and prognosis. In elderly, especially, the comorbidities are associated with higher mortality, poor adherence to therapeutic interventions, and reduced quality of life. [11] Although a myriad number of studies have documented the prevalence of comorbidities in COPD patients but those which utilized suitable control patients in their designs in order to evaluate difference of prevalence rates in COPD and non-COPD patients are rather less numerous. This necessitates a systematic review of these studies in order to gain updated and refined evidence regarding the differences in prevalence rates of comorbidities in COPD and non-COPD patients. The aim of the present study was to undertake a systematic literature search and perform a meta-analysis of the prevalence rates of various comorbidities in COPD patients in comparison with non-COPD controls observed in relevant studies.
Methods
Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines [12] are followed while performing this meta-analysis and associated systematic review. As this study is a meta-analysis of data in the literatures, the ethical approval was waived.
Literature search
Several electronic databases including Embase, Google Scholar, Ovid SP, Pubmed/Medline, and Web of Science were searched for the relevant articles. The major MeSH terms and keywords used for the search of relevant articles included COPD, comorbidity/comorbidities, cardiovascular, heart disease, stroke, myocardial infarction, thrombosis, atherosclerosis, hypertension, diabetes, obesity, thyroid disease, skin disease, cancer, malignancy, psychiatric disorders, depression, neurological disorders, psychosis, respiratory conditions, gastrointestinal diseases, etc. These terms were used in different logical combinations and phrases. The search encompassed original research papers published before April 2016. Quality of the included studies was assessed by using Quality Assessment Tool for Observational Cohort and CrossSectional Studies. [13] 
Inclusion and exclusion criteria
The inclusion criterion was studies reporting the prevalence of the comorbidities in COPD patients along with comparing the prevalence rates with suitable non-COPD controls. The exclusion criteria were studies providing comorbidity prevalence data in COPD patients without control data or studies utilizing COPD controls; studies involving non-COPD conditions as primarily; studies utilizing medical claim data and providing claim rates rather than actual prevalence of comorbidities; and studies providing data in forms that were unable to be utilized in the meta-analyses of odds ratios (ORs).
Data extraction, synthesis, and statistical analysis
Required data and corresponding demographics were obtained from the selected research articles and synthesized on spreadsheets for use in the meta-analyses. Meta-analyses were carried out with the Cochrane Collaboration's RevMan (Version 5.3) software under random effects model. For the meta-analyses, the prevalence data was used to calculate ORs of each study data and then overall effect sizes were generated. The overall effect of each meta-analysis was a weighted average of the inverse variance adjusted effect sizes of individual studies [ORs (ORs) along with 95% confidence interval, 95% CI]. The statistical heterogeneity between studies was tested by I 2 index. Sensitivity analyses were also performed in order to explore the sources of higher heterogeneity.
Results
Data were taken from 11 studies, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] which fulfilled the eligibility criteria after literature search and screening (Fig. 1 ). The quality of these observational studies was considerably good keeping in view the manifesto of research (Table 1) . These studies utilized data of 47,695,183 COPD and 47,924,876 non-COPD control patients. The average age (mean ± standard deviation and range) of COPD patients was 66.66 ± 8.72 (51 ± 17.3-77 ± 10.5) years of whom 55.4 ± 11.9% were males (range 40-71.4%).
The prevalence of cardiovascular comorbidities was significantly higher in the COPD patients (OR 1.90, 95% CI 1.59-2.28; P < .00001; Fig. 2 ). The prevalence of cerebrovascular comorbidities was also significantly higher in COPD patients than in non-COPD controls (OR 1.84, 95% CI 1.47-2.31; P < .00001; Fig. 2 ).
The prevalence of hypertension (OR 1.45, 95% CI 1.31-1.61; P < .00001) and diabetes mellitus (OR 1.22 [1.07, 1.38]; P = 0.003) was also significantly higher in COPD than in the non-COPD patients (Fig. 3) . However, data from 2 studies revealed that lipid disorders were significantly higher in non-COPD than in the COPD patients (OR 0.82, 95% CI 0.68-0.99; P = .04; Fig. 3 ).
The prevalence of neurological and psychiatric disorders (OR 1.78, 95% CI 1.48-2.14; P < .00001; Figure S1 , http:// links.lww.com/MD/B685), gut and renal disorders (OR 1.96, 95% CI 1.43-2.68; P < .00001; Figure S2 , http://links.lww. com/MD/B685), musculoskeletal disorders (OR 1.51, 95% CI 1.27-1.78; P < .00001; Figure S3 , http://links.lww.com/MD/ B685), non-COPD respiratory comorbidities (OR 2.81, 95% CI 2.52-3.14; P < .00001; Figure S4 , http://links.lww.com/ MD/B685), and cancer (OR 1.67, 95% CI 1.25-2.23; P = .0005; Figure S5 , http://links.lww.com/MD/B685) was also significantly higher in COPD patients in comparison with controls.
The prevalence of other diseases, including anemia, atopic dermatitis and other skin diseases, sinusitis, alcohol abuse and head injury, was also found to be significantly higher in COPD patients than in non-COPD controls (OR 2.31, 95% CI 1.24-4.32; P = .008).
Discussion
The present study has found that the comorbid conditions, including cardiovascular and cerebrovascular diseases, endocrine and metabolic disorders, psychiatric and neurological disorders, gastrointestinal diseases, musculoskeletal disorders, non-COPD respiratory conditions, and cancer, were significantly higher in COPD patients than in the non-COPD control patients.
In the present meta-analysis, studied population of 47,695,183 COPD patients consisted of predominantly older aged individuals. With aging, the number of comorbid conditions in COPD patients increase. Approximately three times higher inpatient and 90-day mortality is reported in very elderly patients with a COPD exacerbation than in younger patients. [25] In asthma patients too (1, 195 ,109 patients), the overall prevalence of 10 selected comorbidities was found to be less than 1% in patients under Chen et al [14] Y
Criteria included the following: Was the study population clearly specified and defined? 3 Was the participation rate of eligible persons at least 50%? 4 Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being in the study pre-specified and applied uniformly to all participants? 5 Was a sample size justification, power description, or variance and effect estimates provided? 6 For the analyses in this paper, were the exposure(s) of interest measured before the outcome(s) being measured? 7 Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed? 8 For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or exposure measured as continuous variable)? 9 Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants? 10 Was the exposure(s) assessed more than once over time? 11 Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants? 12 Were the outcome assessors blinded to the exposure status of participants? 13 Was loss to follow-up after baseline 20% or less? 14 Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)? CD = cannot determine, NA = not applicable, NR = not reported. Yin et al. Medicine (2017) 96:19 www.md-journal.com 18 years of age, 3.4% in 18 to 54 years age group, and 12% in patients over 55 years of age. [26] A similar pattern of the prevalence of comorbidities has been found in COPD and asthma patients. [27, 28] In an analysis of 262,014 elderly COPD patients from 3 different studies, it was found that the percentage of patients with one kind of comorbidity was 36%, whereas 30% of the patients had more than one kinds of comorbidity. [27] [28] [29] Other studies have also reported significantly higher prevalence of comorbidities in elderly in comparison with nonelderly COPD patients. [30, 31] Indeed, up to 90% COPD patients can have at least one comorbidity. [32, 33] Potential impacts of comorbidities and their management issues such as those related to drug interactions and adverse events resulting from polypharmacy and adherence to therapy are important considerations. [32] This may also be reflected from some studies, for example Sundh et al [34] found that in COPD patients, comorbidities such as cardiac diseases, depression, and low body weight were independently associated with a poor quality of life. Thus, comorbidity should be considered with more emphasis in COPD control strategies and should be an important component of covariate analyses in studies with subjective health outcomes. [27] Because the COPD is a progressive disease with only partially reversible airflow obstruction associated with a pathological inflammatory response by the lungs to noxious environmental particles, these are associated with chronic systemic inflammation, which may contribute to significant extrapulmonary complications such as skeletal muscle dysfunction, osteoporosis, neoplasmatic disease, infections, and cardiovascular complications. [35] Interactions between COPD and some chronic conditions are recently delineated. Some diseases may influence COPD progression and exacerbation frequency and cause higher costs of management [36] besides higher mortality. [37] Some diseases affect certain subgroups of COPD. Moreover, some chronic conditions can influence COPD management decisionmaking. [5] This study has some limitations due to high statistical heterogeneity between studies in some comparisons. However, as this study has the epidemiological nature, the impact of higher statistical heterogeneity may be dwarfed by the difference margins in incidence rates observed herein. Future studies with higher sample size could further enhance these findings. The other limitation is that the included studies only reported selected comorbidities; therefore, not all comorbid conditions are studies in this study. 
Conclusion
The comorbid conditions comorbid conditions including cardiovascular and cerebrovascular diseases, endocrine and metabolic disorders, psychiatric and neurological disorders, gastrointestinal diseases, musculoskeletal disorders, non-COPD respiratory conditions, and cancer were significantly higher in patients suffering from COPD than in comparison the non-COPD control patients. Management of comorbidities should be an important part of COPD control strategies that can improve overall outcomes.
